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Thid  report  series  (Vols.  psessats  tb®  chc:aie«l  Esasureseats 
E^de  by  the  Atmospheric  Chemistry  Group  of  the  Katioasl  Ceater  for 
Ateospheric  fissearch  (!!CA3.}  for  the  project.  Trace  Chcaiistry  of  Tropical 
Ataospheres,  supported  la  part  by  the  Axsy  Seaaarch  Office  (ASO>,  Ourhaa, 

N. C.  (contract  DAHC04  67-C0024).  Tha  study  vat  conductad  fr(»i  February 
1965  to  January  1970,  vhila  the  Ataospherlc  Chealatry  Group  vaa  part  of 
the  KCAR  Laboratory  of  Ataoepheric  Scienea.  The  report  aeriea  also 
includes  the  chealcal  and  biological  aeasursaenta  aada  by  tha  O.S.  Aray 
Tropic  Teat  Center  (USATTC)  for  the  projactf  Environaental  fiats  Baas  for 
Regional  Studiee  in  the  Humid  Tropics  (al^  rafarred  to  la  this  report 
eeriee  as  the  Data  Baas  Prograa) ,  aponac^^  by  tha  Of  flea  of  tha  Secratary 
of  Oefeaae,  Advanced  Research  Projects  Agency  (ARPA),  Directorate  of 
Reaote  Area  Conflict,  and  by  tha  Dc^rtaent  of  tha  Anq^,  Offica  of  tho 
Chiaf  of  Research  and  fievelopae^i.  Any  Research  Office,  Vsehlaston,  D*C. 
This  study  has  also  been  published  as  OSATTC  Tachnical  fisport  Ho.  7109CH)1. 
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The  chealcal  and  biological  data  in  this  raport  aarlas  art  coa- 
binod  with  soil  and  aatoareleglcal  data  to  fora  aa  envlrmasHttal  data  ’ 
bank  eoBslsting  of  aoaanretMnto  aado  la  Pnoaa  la  tha  Data  Baal  Prograa . 
Coplee  of  chla  data  bank  aro  depoaltad  at  fiaadgwartyn,  9*B«  Any  Saat 
and  fi^uatloa  CcMBsand,  Abardaan,  Md.,  aad  at  tilM  latth  Beleacaa  Mvialoa* 

O. ^  Aray  Bnglnaar  Topogra^ilc  Labs,  ibrt  BalvOlr*  fa«  /  ^ 

^^oluaa  I  of  tbi^' raport  oarlas  desctlbaa  tba  projoct  tad  tba  M 
aaapllng  altaa  oaad  for  chaalcal  aad  biological  aasyUng  jpaott  of  vbf^’ 
aro  la  tba  Canal  loaa)»<'-v'  w;  .'--'vJ.'-'”  ^  " 
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Volum  II  d«8crlb«i  th«  msthoia  uaed  In  •■Bpllng  end  cnalytlng 
cteospheric  trac*  gasea  and  includaa  tabulationa  of  all  gaa  data. 

Gaaaa  aaasurad  warn  aulfur  dloxlda,  nitric  oxida,  nitrous  oxida,  oitro> 
gan  dioxida»  aaaonia,  aliphatic  aldabydas*  and  hydroearbona . 

VoluEM  III  daacribaa  tha  aathoda  uaad  in  aae^ling  and  analysing 
particulate  aattar  and  includaa  ti^ulaticna  of  all  partieulata  data. 
MeasuroMnta  included  aisa  diatributiona  of  chlorida*  and  aulfata- 
containing  particlaa  eollactad  on  oaabrana  filtara,  aaaa  of  particlas 
on  Kuclapora  and  glaas  fibar  filters,  optical  danaity  of  particlas 
collected  on  paper  tape  and  in  spore  tr^a,  aaaa  of  foraaldahyda* 
containing  particles  collected  by  lapaetion,  and  pareentagas  of  aorpho^ 
logical  types  collected  by  iaipactioo. 

Voluaa  IV  describes  tha  aathoda  used  in  collecting  and  analysing 
biological  aaaplas  and  includaa  tabulations  of  all  such  data.  Miasora> 
aants  vara  aada  of  surface  depositions  of  aicroorganins,  concen¬ 
trations  of  airboma  tderoorganisas,  accnanlatien  of  litter,  nnabars 
and  typaa  of  flying  insacta,  and  nitrogen  content  of  flying  Insacts. 

VoliM  V  provides  full  inforaation  on  storage  and  retrieval  of 
data  froB  tha  data  bank,  and  daacrlbos  the  coding  used  for  each  type 
of  data. 

kafarsneas  for  each  voliaa  am  listed  according  to  tha  order  in 
vhich  they  am  called  out  in  text,  and  ai^ar  In  text  as  noaham 
vlthin  brachats.  Duplications  occur  through  all  five  voIusns. 
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I.  E^EOIHJCnfKM 

A.  C3J5CTI?K8 

The  becksrognd  and  obJecClvee  of  the  U,S,  Aray  iavlrosaontel 
Oete  Beee  for  Eeglooal  Stodlee  In  the  Eumid  Tropic*  (Date  Bmo 
PrograO  here  bien  described  by  the  TmTTC  1 1-6  I  Ihiring  early 
consultations  iilth  NCASl,  It  becea*  clenr  that  e  cooperative  effort 
by  KCAR  and  the  USAITC  on  chenlcal  flMaauramnts  tmdav  the 
p^ta  Base  Prograa  wmild  en<d>le  BCA&  to  achieve  parallel  but  dis¬ 
tinct  objectives  of  Its  own.  KCAR*s  objectives  were  to*  Cl) 
nsasure  existing  concentrations  of  trt.'e  etaespherlo  eonstlteents 
In  the  tropics;  (2>  dsteialne  eharaeterlstlcs  of  the  ehmleal 
reactions  occurring  In  the  stMSphare  of  the  hatfJ  tropics;  end 
(3)  chsraeterlse  ths  sinhs  and  soorces  of  trees  atoospherlc  coo-  ; 
stltoents  In  the  tropics. 

B.  CONTRACTCM.  AGSKSOgMI 

Doting  1965-66  the  USdITC  provided  support  for  travel  by 
BCBK  personnel  to  the  Canal  Zona,  During  this  prellstnary 
period,  mthods  were  field  tested  end  USAHC  personnel  were 
trained  to  — aelected  SNSSureaents  on  a  continuing  bails. 

early  atudlaa  provided  data  of  such  a  nittore  fl)  that  a  for- 
•al  contract  to  provlda  support  for  travel  egulpaant  was  te- 
gtMSted  froa  the  Axuf  Beseareh  Office,  Durhsa,  D»  C»,  so  that 
e  aore  Intensive  and  systeaatle  investigation  soold  bo  asda. 
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c.  Ei7zRii^”rrAT.  msrni  ym  c-i-^nca  vmsm's:^mm 

lk>3t  of  the  conccrrent  Esteorological ,  ■oil,  cheaical^end 
biological  c^asures^nte  %,^re  E?ada  at  the  Albro<^  Forest  site 
(see  Sect.  II  of  this  voIieks),  Occ>hour  average  concentrations 
of  several  gases  leere  s^asured  by  USATTC'  personnel  four  time  a 
day,  tvlce  a  week,  fr«a  the  2>a  (under  forest  canopy)  and  46>a 
(above  the  forest  canopy)  levels  of  a  tower  erected  at  that  site. 
Aliphatic  aldehyde  (ECHO,  R«Hydrogen  or  alkyl  group)  concentra* 
tions  wsre  aeasured  froa  Kay  1966  to  November  1966,  and  nitrogen 
dioxide  (NO^)  concentrations  were  measured  In  January  1969. 
Assaonia  (NH3)  concentrations  ware  aeasured  froa  February  1967 
through  January  1969.  The  total  numbers  of  these  asasurements 
at  the  Albrook  Forest  site  were:  anmonla,  1,126;  nitrogen 
dioxide,  1,651;  and  aliphatic  aldehydes,  1,546. 

At  selected  times,  MCAR  personnel  traveled  to  the  Canal  Zone 
and,  working  with  USATTC  personnel,  aade  additional  asasureaents . 
The  numbers  of  sasples  saasured  are  given  in  Table  1.  These  were 
collected  at  25  special  sites  as  well  as  at  the  Albrook  Forest 
and  Chiva  Chiva  data  base  sites.  The  special  sitas  ware  selected 
to  provide  data  for  conparism  with  those  collected  to  provide 
data  for  coe^arison  with  those  collected  at  tiie  data  base  sites. 

A  limited  noBber  of  staples  were  also  collected  from  airplanes, 
helicopters,  and  a  ship.  Some  sauries  (or  portions  of  aaoplas)  ' 
were  reserved  for  future  anelysss.  Table  I  shows  the  present 
storage  locations  of  collected  scales. 
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Gfisaa 

Icj^itorp 

Asstonla  (KH^) 

1.568 

aoaoeeeo* 

Kltroua  oxlda  (N2O) 

116 

Nitric  cslte  (NO) 

518 

Nitrogen  d.<rt»lda  (NO2) 

2.055 

Sulii-c  dloxlda  (SOj) 

518 

e»-«»e»eK« 

Aliphatic  aldehpdot  (BCBO) 

1.758 

^rocarbona  (5-25  opaclas 
soaaurad  par  aaepla) 

568 

h'  '  •■ 

Fartlclaa 

iBpactor  •  fazBaldahyda  content 

265 

lapactor  -  elaaalflad  bp  ^rpa 

185 

.  NCtil 

Filter  •  «aaa  loading 

»; 

WCUi 

Filter  -  chloride  alee  dlatrl- 
butlon 

253 

:,/■  ^wsdi>- 

Filter  -  aulfate  alae 
dlatrlbutlen 

,  ti5 ' 

•CMt-'-' 

Filter  -  optical  denalty 

ltt.*00 

Filter  -  for  future  analpala 

j:;v'237  ^ 

Ih«  Sttta  B«M  Frbgraoi  «m  .AitiiMd  t«'froTi4»  <• 
of  infonutlM  «aA  frtnp 

phytieol  OBd  blolotieol  dicrieteVt«tie» 
iii'tiM  tropica.  Mehott^  W 
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dona  concurrently  dnca  sstuaring,  va  cspcct  fcJsst  thasa  data 
«lll  ba  used  ©3  aourc©  mtertal  for  cveluistlen  ovar  a  period  of 
ttany  yesra.  Cataila  of  data  coding,  foricat,  and  storage  are 
glvsn  In  Vol.  V. 

The  issteorologlcal  and  soil  data  consist  of  an  axtanslva, 
relatively  hosnogeneous  series  of  eseasuretaants.  Suaaiary  reports 
of  these  data  have  been  issued  r8,  91  and  a  liadted  assount  of 
evaluation  has  been  published  fl-6].  The  entire  file  of  Mteoro* 
logical  and  soil  data  Is  incorporated  in  and  available  froa  the 
primary  repository  of  the  environmntal  data  bank  at  the  U.  S 
Army  Test  and  Evaluation  Cocssand  Headquarters  in  Aberdeen, 
Maryland. 

The  types  and  durations  of  the  chemical  and  biological 
measurements  are  relatively  heterogeneous.  The  chemical  data 
are  described  in  f7,  10*231;  methodology  of  atmospheric  sanpling 
and  analysis  developed  in  part  in  Panama  are  discussed  in 
124-291.  Exemplary  data  from  the  study  are  used  in  130*38],  erd 
biological  and  biological-chemical  data  are  presented  in  139* 

46] .  In  addition,  discussions  of  lisdted  studies  ware  ^.'Slished 
as  sections  or  brief  papers  in  the  USARC  semiannual  reports 
147-581. 

Since  the  ^aaleal  and  blolegl^val  data  aim  not  aacesstvely 
bulky,  they  are  presented  in  full  in  Volusee  II,  HI,  a»l  I?  of 
this  report.  They  are  also  Included  on  magnetic  rape  in  the 


data  bank. 
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IX »  SITE 

Th«  sites  used  for  dietsical  and  biologicsl  ssss|>Jliss  are  listed  In 
Teble  2;  site  locations  ere  shown  la  Figs*  1-3.  The  eruise  track  of 
the  S.  S.  Advmce  II  (Fig.  3)  desl^tes  fee  sea  site;  e>st  of  the 
ground  sites  ere  depicted  In  Figs*  4-32;  ffiid«  fee  edrlal  site  locations 
are  shown  in  Fig.  53. 
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CSumiect  saa^tint  0lt««  In  tl 
Mth  of  orrotfo  to  ttM  erulM 


A.  Pv^ta  ggsft  Sltga 


Albrook  Forget  (Data  Baea  Stta  »I>.  Th*  Albro^  Forest  site 
la  in  tha  Peaaaa  Canal  Zona  at  lat.  9*0*53**  and  long.  79*32*26"; 
ground  alevatloa  ranges  froa  30  to  33  m  above  sea  level.  The 
site  has  a  4X  slope  to  the  southeast  and  is  In  a  region  of  rounded 
hills  whose  heists  reach  130  n.  The  nearest  hills  are  400  a 
to  the  east;  others  are  600  a  to  the  northwest. 

A  46*«  hi^  walkoup  tower  was  built  at  the  center  of  the 
site.  Figure  4  is  an  aerial  view  of  the  forest  showing  the 
portion  of  the  tower  that  extends  above  the  canopy.  Figure  5  is 
a  view  froa  the  ground  of  cheeical  saoipliag  in  progress  at  the 
46>a  level  of  the  tower. 

The  site  is  m  a  low.  erosional  terrace  where  tfie  soil  is  a 
residual  clay  oxisol.  rich  in  organic  matter,  with  e  light- 
textured  surface.  The  parent  aateriel  is  an  eggloaeratic  tuff. 
Further  site  details  and  descriptions  of  selected  soil  sad 
meteorological  measurements  can  be  found  in  fl-31  and  f6]. 

The  vegetation  consists  of  many  species  of  trees,  shrubs, 
and  vines,  many  of  which  ere  deciduous.  The  top  of  the  tree 
canopy  was  26-28  a  above  the  surface  at  thm  beginning  of  the 
stu^;  by  the  end  of  the  study  it  hid  grown  appreciahly.  The 
forest  extends  for  several  kilometers  in  all  directions  except 
to  the  east  idtere  it  has  been  elasred.  The  uadereanopy  vegetation 
at  the  tower  base  is  shown  in  Fig.  4. 

Detailed  studies  on  the  vegetation  chareeteristies  at  the 
site  have  been  reported  (47,  55-58]. 


Barker  site  la  In  the  Pansm*  Canal  Zone  at  lat.  9*22'0"  and 
long.  79*56’ 56”.  A  bunker  equipped  for  uae  as  a  neteorologtcal 
atatlon  occupies  the  top  of  a  small  knoll  (Fig.  9).  The  station 
is  operated  by  a  U.S,  Army  meteorological  team.  Some  samples 
vere  collected  on  the  bunker  roof;  others  vere  collected  at  the 
top  of  the  knoll  directly  behind  the  bunker  (Fig.  10). 

The  site,  at  an  elevation  of  5  m,  ir  approximately  250  n 
south  of  the  mouth  of  the  Shelter  Cove  which  opens  into  Limon  Bay 
iraoediately  behind  a  breakwater.  Shelter  Cove  lies  to  the  north* 
east  between  the  bunker  and  the  seashore  (Special  Site  y2) . 


Fig.  9  Meteorological  station,  Special  Site  (Ft.  Sherman* 
Bunker) . 
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Rio  Pledrss  (Ssriclal  Stta  w3) .  Tha  Rio  Ptedraa  tit*  la  In 
the  Republic  of  Pansma  at  lat.  9*27*10"  and  long.  79*44*32". 
The  esapling  point  wea  on  the  beach  of  Punta  Portete  about  200  t 
veat  of  the  ssouth  of  Rio  Fiedras.  Ground  level  la  1  m  above 
eea  level . 


tig.  13  Special  Site  a3  (Rio  Pledraa),  Punta  Portete. 


Fig.  15  View  toward  the  Caribbean  Sea  from  the  Rio  Piedras  site. 


telOgllCT  (SpaclBl  #A).  The  Skunk  Hollow  site  is 
in  the  Paaaaa  Canal  Zone  at  lat.  9*19 ’40"  end  long.  79*57' 16". 

A  few  special  8asq)les  were  collected  at  this  site,  irtilch  has  a 
higher  average  annual  rainfall  (330  cm)  and  a  more  even  seasonal 
distribution  of  rain  than  Alb  rook  Forest,  so  that  the  dry  season 
la  much  leas  pronounced. 

Sampling  was  carried  out  on  the  forest  floor.  The  forest 
has  a  somewhat  higher  canopy  and  less  understoxy  vegetation 
(Fig.  16)  than  does  Albrook.  Elevation  is  about  25  a. 


Fig.  16  Special  Site  #4  (Skunk  Hollow)! 


Ft.  Sher!S3n>g^ag!9  (Special  Slta  r5)«  Th*  Ft.  Shansan-Svsap 
site  (not  pictured)  Is  In  the  F-anszaa  Csasl  Zone  at  lat.  9*20*35” 
and  long.  79*57*7”.  A  few  selected  sasiples  were  collected 
several  meters  from  the  road  in  the  mangrove  swamp  bordering 
Llfflon  Bay.  Ground  level  Is  0.5  m.  The  main  vegetation  is 
second-growth  red  mangrove  with  heights  op  to  7-8  m.  Stems  are 
small  (to  15  cm  stem  diameter  at  breast  hei^t)  and 

closely  spaced  (mean  N.NJ).— net  nearest  distance— 2  m).  Prop 
roots  are  extensive  and  fom  a  thick  mass.  Vegetation  beneath 
the  canopy  consists  of  scattered  clumps  of  giant  fern.  Salt 
water  floods  the  area  during  extreme  tides. 

Coco  Solo  Swamp  (Special  Site  y6).  The  Coco  Solo  Swamp  site 
is  in  the  Panama  Canal  Zone  at  lat.  9*22*48”  and  long. 

79*52*44”.  The  sampling  site  was  about  15  m  from  the  road  in 
the  mangrove  swamp  border  on  an  almost  landlocked  inlet  of  the 
Caribbean  (Fig.  17). 

Vegetative  cover  is  nearly  mature  white  mangrove  to  a 
canopy  height  of  20  m.  Stems  reach  28  cm  D3.H.,  but  average 
18-20  cm.  Mean  M.M.1).  is  approximately  3.5  m.  Ground  cover 
la  restricted  to  the  fern  Acrostrlchum.  No  prop  roots  are 
present,  though  pneumatophores  to  heights  of  20  cm  arc 
numerous.  Salt  water  floods  the  area  during  extreme  tides. 
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C::agres  River  (Special  Site  •-")  .  The  Chagres  River  site  is 
in  the  Panama  Canal  Zone  at  lat.  9° 10 *6”  ana  long.  79®39’37'\ 
on  a  vegetatior.-blocked  inlet  of  the  Chaares  River  (Fig.  IS). 


Samples  were  collected  from  the  end  of  the  dock  shown  in  Fig.  19 


Fig.  18  Special  Slta  »7  (Chagraa  Rivar) 
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Contadora  lalnr.d  (Special  Stta  #3).  Contsdora  Zalcnd  is 
one  of  the  Pearl  Islands  in  the  Bay  of  Pansaa  on  the  Pacific 
side  of  the  Istlmis.  The  site  is  at  lat.  8*33*ir*  and  long. 
79* 2 *10”  on  the  tip  of  a  reeky  point  (Figs.  20  and  21)  at  tha 
north  end  of  tha  island. 


Fig.  20  Special  Site  vS  (Coatadora  Island). 


Fig.  21  Sampling  at  Contadora  Island  site. 

Rio  Hato«>Savannah  (Special  Site  ffll)  .  The  Rio  Hato-Savannah 
site  is  in  the  Republic  of  Panama  at  lat.  8*24*31”  and  long. 
80*8*18”.  The  area  is  tropical  grassland  (savannah)  with 
scattered  trees  on  the  Pacific  coastal  plains  of  Panama  (Fig.  22) 
The  elevation  of  the  sampling  site  (Fig.  23)  is  30  m.  The 
grasses  are  thick  and  green  during  the  rainy  season,  but  turn 
brown  and  are  sometimes  burned  or  cut  during  the  dry  season. 


tig.  22  Aerial  view  of  tropical  savannah,  Rio  Hato  area. 


Fig.  23  Special  Site  -■■11  (Rio  Hato-Savannah)  . 


fig.  24 


Sampling  at  Rio  Hato-Savanr.ah  site. 


Madden  Ridge  Road  (Special  Site  ?rl2)  .  The  Madden  Ridge  Road 
site  is  in  the  Republic  of  Panama  at  lac.  9® 14* 24”  and  long. 
79®21’39'',  adjacent  to  the  road  which  follows  the  continental 
divide  along  the  ridge  edging  the  Madden  Basin  drainage  system 
(Fig.  25).  The  elevation  is  estimated  at  800  m.  The  general 
area  is  a  lower  cloud  forest  zone.  The  sampling  point  was 
located  at  the  edge  of  an  old  bum  (Fig.  26). 
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Coco  Solo  (Special  Site  »14) .  The  Coco  Solo  site  Is  In  the 
Panaaa  Canal  Zone  at  lat.  9*22'57''  and  long.  79*51'43”.  Ele¬ 
vation  Is  12  m.  The  sampling  point  Is  a  2-m  wide  concrete  strip 
leading  Into  the  forest  (Fig.  30).  The  large  annual  rainfall 
(330  cm),  and  subsequently  less-pronounced  dry  season,  produces 
a  tropical  evergreen  forest  consisting  of  a  luxuriant  undergrowth 
in  the  absence  of  a  high,  dense  canopy. 


Fig.  30  Special  Site  Vl4  (Coco  Solo) 
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Pldlaaug  (Spacinl  Site  #15).  Tne  Pidlaque  sit*  is  in  the 
Republic  of  Panaaa  at  lat.  8*31' 15"  and  long.  78*8' 7",  on  a 
ridge  overlooking  the  Sabana  River  in  Darien.  Elevation  of  the 
site  is  240  d;  access  was  by  helicopter.  The  site  was  used  as 
a  meterologlcal  station  by  the  Atlantlc-Pacific  Interoceanle 
Canal  Study  Comolsslon  during  its  study  of  Route  17  for  a  sea- 
level  canal  [9]. 


Pit.  31  Special  Sit*  #15  (Pidl«(|t3*) . 


yig.  35  Scmpllng  at  Pldlaqua  alta 
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Albrook-Road  End  (Special  Site  <>16).  Th*  Albrook-Road  End 
site  (not  pictured)  Is  in  the  Fanema  Canal  Zone  at  lat.  9*1' 17" 
and  long.  79*32*6".  The  road  to  the  Albrook  Forest  site  (Data 
Base  Site  #1)  continues  for  1  km  to  a  vashed-^ut  culvert.  A 
few  special  samples  were  collected  at  this  site.  Except  for  the 
absence  of  generators,  the  sita  is  equivalent  to  the  Albrook 
Forest  data  base  site. 

Rio  Mar  (Special  Site  #17).  The  Rio  Mar  site  is  in  the 
Republic  of  Panama  at  lat.  8*26*10"  and  long.  80*0*0".  The 
site  (Fig.  36)  is  similar  to  the  Rio  Hato-Beadt  site  (Special 
Sice  #13)  except  that  the  bluff  overlooking  the  beach  la  higher 
(20  m). 


Barbadoa-K-t^at  Point  (Spaetal  Site  yIS) .  The  BArbados-Esat 
Pt.  Bite  is  on  Barbados  Island  at  let.  13*9*16"  and  long. 
59*28*22".  The  area  Is  a  flat  shelf  of  fossil  coral  rock 
(Pleistocene)  with  minimal  soil  cover  (Fig.  37).  The  sampling 
point  was  near  the  8-m  East  Pt.  meteorological  tower  (Fig.  38), 
built  during  the  1968  BCSlbX  I  Study  [60). 


Fig.  37  Special  Site  vl8  (BarbadoS'East  ft.), 


Fig.  38  Sampling  at  Barbados-East  Pt,  site. 


Barbados-North  Point  (Special  Site  ?fl9)  .  The  Barbados- 
North  Pt.  site  is  on  Barbados  Island  at  lat.  13®19'54**  and 
long.  59®36*49”.  The  site  is  on  the  grounds  of  the  North 
Point  Surf  Resort  and  is  similar  to  the  East  Pt.  site  (Special 
Site  7^18)  except  that  the  surf  is  heavier.  Sampling  was  con¬ 
ducted  midway  between  the  edge  of  the  coral  rock  (Fig.  39)  and 
the  building  (Fig.  40). 


Sostiatupo  (Special  Slta  ii>20),  Th«  Soskatupo  clt*  is  In 
the  Republic  of  Panama  at  lat.  8*55*34"  and  long.  77*43*18". 
The  ilte  is  on  the  top  of  a  hill  on  the  Island  of  Soskatupo, 
one  of  the  San  Bias  Islands  on  the  Caribbean  side  of  the 
IsthsBxs.  Elevation  at  the  site  Is  estimated  at  70  m;  access 
vas  by  helicopter.  This  site  vas  used  as  a  meteorologlcsl 
station  by  the  Atlantic -Pacific  Interoceanic  Canal  Study  Com¬ 
mission  during  its  study  of  Route  17  for  a  sea-level  canal. 


Fig.  41  Special  Site  irlO  (Soskatupo)  on  Soskatupo  Island. 


Fig.  42  Sampling  at  Soskatupo  site. 

Agua  Salud  (Special  Site  ff2I) .  The  Agua  Salud  site  la  In 
the  Panama  Canal  Zone  at  lat.9*ll'47"  and  long.  79*48'2*'. 

A  46-tn  walk-up  tower  (similar  to  those  at  Albrook  Forest  and 
Chlva  Chlva  Data  Base  Sites  vl  and  v2)  was  erected  at  the  site. 
The  forest  at  this  site  Is  Intermediate  In  type  between  the 
semldeclduous  forest  at  the  Albrook  Forest  site  (Data  Base  Site 
vl)  and  the  tropical  evergreen  forest  at  Coco  Solo  (Special 
Site  vl4) .  Elevation  Is  80  o. 


tig.  44  Tower  at  Agua  Salud  site  (circle). 


Fig.  45  Sar.plir.g  at  base  of  tower,  Agua  Salud  site. 


Galeta  Point  (Special  Site  ’•22).  The  Galeta  Ft.  site  is 
in  the  Panar.a  Canal  Zone  at  lat.  9=^24’ 11”  and  long.  79®51’40” 
and  is  the  site  of  a  Stiithsonian  Institution  marine  research 
station  (Fig.  46).  A  few  special  samples  were  collected  here 


tig.  46  Sampling  at  Special  Site  ff22  (Galeta  Pt.). 


Madden  Preserve  (Special  Site  y23) .  The  Madden  Preserve 
site  is  in  the  Panama  Canal  Zone  at  lat,  9®6*12**  and  long, 
79®37’4**,  in  a  biological  preserve  established  at  the  point 
where  the  Las  Cruces  Trail  crosses  the  Trans-Isthmian  Highway, 


Elevation  is  160  m 
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Soufrlars.  St.  Lucia  (Snj>clal  Sita  Th*  Scufrlara 

site  la  on  St.  Lucia  Island  in  the  Caribbean  Saa  at  let. 

13*50' 8”  and  long.  61*2'48".  An  active  fuaarola  (Fig.  50) 
is  accessible  by  road  from  the  tovn  of  Soufrierc.  Staples  vcre 
collected  on  a  cocoa  plantation  by  the  tide  of  the  road  leading 
to  the  fu&arole  (Fig.  51} ,  and  also  In  the  fuaarole  proper 
(Fig.  52).  Sait:pllng  elevation  varied  from  200  to  300  m. 


Fig.  50  Fumarole  (circle)  at  Special  Site  #26  near 
Soufrierc «  St.  Lucia. 


Fig.  51  Sampling  on  road  to  fumarole,  Soufrlere  site 


Fig.  52  Sampling  at  fumarole,  Soufrlere  site 
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C.  Sites 

Ths  refsrcRC#  points  used  to  descrlb®  vsrtieal  (earlsl)  8j?s- 
pllns  sites  ere  shown  In  Fig.  53*  Sospllng  point  Al  (over  Crujes 
Island)  is  off  the  Caribhesn  shore  of  the  Isthsus  In  the  vlcialty 
of  Ft.  Sherman,  where  sarltlm  sir  frca  the  Caribbean  iapiastt*  on 
the  Isthmus.  Area  A2  la  the  Panama  Clty-Chepillo  area  of  the  Bay 
of  Panama  (Pacific  side  of  the  Isthous);  air  at  this  point  has  tra¬ 
versed  the  Isthmus.  Area  A3  is  the  vicinity  of  the  southern  tip 
of  del  Rey  Island  (Pearl  Islands)  in  the  Bay  of  Panama;  air  at 
this  site  has  crossed  an  open  body  of  vater  after  passing  over  the 
Isthmus.  Area  A6  is  the  Pidiaque  site  in  the  Darien  area  of  the 
Isthmus;  this  region  provided  samples  of  air  idtieh  had  traveled 
over  a  cooq> lately  nonurbaniaed  portion  of  the  Isthmus.  Area 
A7  is  over  Soskatupo  Island  on  the  Caribbean  side  of  the  Isthmua. 
Details  of  the  sas^ling  patterns  are  described  in  [20]. 

Brulaa  Island  (Aerial  Site  #1).  The  Brujas  Island  flight 
path  is  shown  in  Pig.  53  as  Al.  The  Ft.  Sbeman-Colon  complex 
is  the  only  possible  important  source  of  pollution  in  the  area* 

At  all  times  during  sampling  this  complex  vas  either  5  km  down¬ 
wind  or  lateral  to  the  fli^t  pattern. 

Chenille  Island  (Aerial  Site  #2).  The  Chepillo  Island  fli^t 
path  Is  identified  as  A2  in  Fig.  S3.  Flights  were  made  between  the 
urban  complex  of  Pmiama  City  and  the  Pccifie-Caaal  p<hrtal«  and 
siBoke  plumes  to  the  north  of  Oieplllo  Island  from  agricultural 
burning  on  the  mainland. 
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Piil  Bay  laland  (Aortal  Sifea  r3) .  Tha  del  8®y  Island  flight 
path  Is  shovn  as  A3  In  Fig.  53.  The  circular  flight  path  was 
over  the  estres^  southern  tip  of  the  peninsula  on  the  south  end 
of  tha  Island.  Eel  Ray  Is  the  southemsost  itajor  island  in  the 
Pearl  Islands. 

PgnsBui  City  ^Aerial  Site  w4).  The  Panssa  City  flight  was 
a  circle  1  km  in  dlscater  over  the  center  of  the  city;  it  is 
shown  as  AA  In  Fig..  53. 

Madden  Dam  (Aerial  Site  »3)«  The  Madden  Dam  flight  path 
was  a  circle  1  km  In  diameter  over  Madden  Dam,  and  is  shown 
as  A5  In  Fig.  53. 

Pldlaoue  (Aerial  Site  w<).  The  Pldlaque  flight  path  is 
shown  as  A6  on  Fig.  53.  The  circular  path  was  over  the  Pldlaque 
Special  Site  0l5,  located  on  the  top  of  the  hill  overlooking  the 
Sobona  River  (southwest)  and  the  Darien  Forest  (northwest) . 

Aerial  Site  y6a.  During  one  fll^t,  several  asnples  were 
collected  at  1,828  a  early  in  the  fll^t  from  Pldlaque  to 
Soskatupo.  This  is  shown  on  Fig.  53  at  A6a.'  Sanples  from  this 
flight  are  grouped  with  Pldlaque  sssvles. 

Aerial  Site  >^6b.  Samples  were  also  collected  during  the 
latter  part  of  post-rafuallng  flights  from  tha  Canal  Zona  to 
Pldiaqua;  this  path  is  shown  as  A6b  on  Fig.  53.  These  aao^les 
ore  classed  os  Pldiaqua  soaplaa  since  they  all  represent  air 
on  the  leeward  side  of  tha  Isthsais. 


^7) .  Tlia  Sos^tapo  fll^t  path, 
A7  on  Fis.  53  vss  an  oval  pattara  on  tlia  winsSmrd  aida  ov®r 


Spaclal  Slta  r20,  Soakstupo  la lend. 

Aartal  Sitga  We  end  r7b.  Thsaa  fll^t  paths  era  ahowa  in 
Fig.  53,09  A7a  and  A7b.  SsHplas  vara  collected  during  refaellng 
flights  froa  Scskatt^o  to  the  Canal  Zona.  The  flij^t  to  Albrook 
ves  codified  so  that  sasiples  could  be  collected  over  the  vlnd> 
ward  ccat  of  the  lathaaia.  The  scsples  froa  these  flights  era 


Hated  as  Soskatupo  sacples. 

Barbedos  (Aerial  Site  rl9).  Sssplea  vere  collected  on 
selected  flints  during  HCAR'a  Barbedos  Experiaent  16CJ  j  the 
flight  path  is  ahoim  in  Fig.  3  and  is  described  in  (61]  . 
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